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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a drive circuit 
which can be operated with high efficiency in a wide 
input-voltage range and which is small and thin in the 
drive circuit for a piezoelectric transformer. 
SOLUTION: A drive circuit is constituted of a 
piezoelectric transformer 1 , of a step-up circuit 4 which 
generates an AC voltage to drive the transformer, of a 
frequency control circuit 3 which controls the step-up 
ratio of the piezoelectric transformer 1, of a driving- 
voltage control circuit 5 by which the driving voltage of 
the piezoelectric transformer 1 is controlled to a 
prescribed value and of a dimming circuit 6. 
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ti-^&m h y ^y^mmmmo 

xmj&^tis mtS,mE.(Ohy>^i^:!^^ tmmif:)\^:^-( y 
^ ^ ^i- 5 r t t -r 5 5 1S«<©JE« h ^ >' 

it. mi^mmhy>'y\:i&m^titi'nmzm^^'r^^m 

^:t>^\.xnM^^bmm^^^i^^^xt}i.s tuiEm-^^ 
:s^:^7u^t i.xmti'r^^^/i-t^mvit^^^mt, 
yi^-i^y^^t^^i.. m^&m>hy>y^(Dimmmm\^ 

yi^i^y.^7bi:t>^ir^B^W\^X. miEmr.<D h y ^^^^^ 

;^ o r hmm(Dm:hmmt. it itmtimBibm h 

tb^)J:5. wi^&nVy>::^(o^B)^^mmir^nWLm, 
im^m 1 2 ] fulSfi»i^^^^;65mHO h y i^^yy> 

[ffi^Ji 1 3 ] mmzLco Y y i^^j^y^ ^ ^n'i^m-c:^ 
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lO 0 0 1 ] 
[0 0 0 21 

[0 0 0 3] :$:^0^{^^(OH«h^^;2^(7>|^ttlpliS(c:B8 

5»"a^-CtiA:/3«m^ tr 5 [V] ;6^^>2 0 [V] (DW, 

mm'^m 3 mm <^ (D^^m'^\Z^ LX^^EEl^'^m 5 0 0 
[Vrms]. Vmmt)^m5 [mArms]. ^&«cl 0 0 [k 

Hz] mm(oi^m\zm»Lxm^^h'E^m^h^o * 
[V] mm(Dm.mmm:^^h. ^1 [kv] d^?,5 [k 

[0 0 0 4] :i<Dm<o&9.h'7:y::^<Dm»mm::m^X 
2 0 7 L-C^cofit^|f;65W:^$i^TV^^), |21 1 0 jd^ 
»t"5#i£[mi^4 i:. JEmh^:/;^ 1 

ii:«A;'3«:JEVDD^EPjD0L-C*i?SP2JcSf 

[0 0 0 5] 121 1 4 h ^ 1 . dtbJciSsac*; 

flE^^P;t^#mil]K4. :^il^2(;iJ;5«^^tflHl8&o^J 



(3) «FMqZ9- 1 0 7 6 8 4 

«ifi»eil^o«^Sr***v^JES»[•Cffi« h ^ 1 Sr 

[0 0 0 6] ^ r 1 0 (D^&m^ 4 -Cfill;^^ hy> 

nV'7>:^l^mibVX\^^. HI 0-e«JE«K^i^;^ 
7(9 ICO— *#Jliai(C«?^h7>':^Ti . T2 «r:^-hh^ 

LTSjau. 2fir*iiig|bi]K9d^^m;^$tt:fcie 

[0 0 0 7] hy>i^:^^Q\ . Q2 t^:ty\z.f::^}i'f- 
«JEJ: t)Sv>«iE^^^'t5o wtttiEI 1 4 0J£«h^ 

di [Vo-p ] . Vd2 [Vo-p ] fi«fi^h^i^^Ti . T 
5^»v.i [Vo-p ] , V.2 [Vo-p ] \zfj:K>m9.hy>' 

1 <D—»immm\^^'m^ti^o 
[0 0 0 8] :i<D2^(Dm^<Dm^j:^^^m<oiE^mn^ 

«6^)l::MiffiV8i+V8 2 [Vp-p ] t^jESK{-?feo-rjE« 
(omik S;i J: o r S »m $ tb:fei3»SK«EE Vo [ V rms] t 

30 Lxmt^^^^o 

[0 0 0 9] :i<D^mMS,VoiVrm]n^m2\:i^mt^ 
ttr *Stt«fl£ I 0 [m Arms] (T^ fefi^fSEmjE Vo [Vrm 
s]) ;i)5^^K!e:^JI«ilH]iS3t::A5o r.(7>ji2^»:iiJliiUlH]i^ 3 
(i. 2ffiffilKtt|p|te9tc»LTjE«h^^;^l^l^»i- 

^Jftm»ftIo[mArm8] ;feti^«llEmffiVo [ Vrms] ) ;i50f 

[00101 d 3 (Dp^mtnmm&i^ 

40 1 0 . SE^iHi^ 1 1 . it:«?ss 1 2 . m^mn i 
3. iti««i 4. vco m&mm^mm x ^t^hm 

^^HTV^So 2trggti/^5SaE*a£ loCmArm 

8];!>5saEiijEa^ifeiPi»&i o-T^mmft^-t^a^si^tv. $b 

12^rA;^^^^5o 2^S2|S«JEVref t 

\m^tix^mm^m^<D:^i>^A^^\^m%. a^iuKi 

u-</^'<7>«JE;!)5A;^$i^^t^fffl. mt}'m.&ti'^—m<om^ 
50 :ftllffi;5«VCO 1 StdAj^^^ttSo VCOlSfiA** 
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[0 0 11] mmimm^^^mMt^i^m\-r^(Dns,m 
h ^ 1 (7)^11^^^!^: f r x^m^ ^mm^mi^^^m 

loCmArire] (*;/£:{iSaB«JEVo [Vrms]) ;&s^|IIJWt- 

mm'r^^t\zfj:^, rcoi^l^Ttfc^li^^i 2[cA:^$tv 

^^mmm 1 0 [mArms] (^^/hJizfcaeitJEVoCVrins]) 
[0 0 12] i,l.^^^T<r>mm?.:hmEEVooMKt}^ 

0 [mArms] (*;^fiSf««iEEVo[Vrms]) ^^f^X^ti: 

y >^y^<D^mmm^^T^xiikrLx ^ r i: tr^is 

a-g^^^ ft#2<7>?&»«»;&s«c«<Srlll5*6L:fe»-&'Jc, EE 
«JlK»;dsvcoi 5(75«(g:^K«c*-c<g:TLr L^o 

[0013] t:> U^?^ 2 H:B^:£<^^^m^ I 0 [mArms] 

^1 3(Dm;b«i5;e>^vco 1 5(Z>*te^&»l-ffi^'r^ 
ig{;isS:^$ti.ytSlJ(Sfii£Vn,in }^r{cfj:^t. itl^mi 

IP. mmmmm^v CO 1 b(Dfkmmmm^^j:^x^M 

2 \zm^(D^mnm l o [mArms] :fctiSsaE«JE V 
o[Vrms]) ;5S#^);h.S^-C_hBB<75t!if^Srjftlp3l-rc 

[0 0 14] ^ zxmmA:t3mmyDD7b^^m&.±<om& 
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[0015] :^(OX^ \z7^tim&i!)^'^»J^±<^m'^\^ 

:ft#2{cti-^(7>?JSf£«wfElo[mArms] 
»lt«ffVo[Vrms]) *sm:^$HS<7)-e^lil«aar. tKK« 

a£) cottj;ti^#^^i:;6sai^s, 

[0016] mot^t3l5SWtciJ:S>2ir^^Ji: LTii. #011 
5F4-2 1 0 7 3 3;6i^t>i^TV^^o mtiSI 1 1 O:/ 
n y ^ I2it;i^1-«IECEE« h ^ U^iiilSWftD C 

10 /'DC=^:^y<—^<Dmt}mm:fj^x:h^. mWh^:^^ 

X. ii:sfE«SR3 o^>e>^^^««flESrf^!Pt^uTv^So ^co 
^mn^xmw}^titi&ith'7>':^ ii^^mi^it^mm 
m^mt^mm^i&s 2\zmtiir^o z<Dmtimimm^s 
2{zx^xm:mtti:^tin&^1iM2\zmi^'i'^o 
ai^SEatlelK 3 2 OitaE«;^mjEfitfefflittitp]8& 3 5 1:: 

« ffilt«« 3 5 b :7 ^ ^ y iJ' ii: TtftSJ 2 

[ 0 0 1 7 ] (21 1 1 (7>-^Sfe1BytBl!ilHll&3 1 fi. 
0-^nj3<7L.h;^-f -/^i^^ (ZVS) *:/tHBB««:aE-^ 

un,my^^ ^y^^^ (ZCS) ^tT9^f-*MM=>^/^ 

7^:x-7^-flt: (B^Jfcap) SrM»b-C-*<flOK»|pIK3 1 

l±:^^lftlBJK3 4{cJ:-:.r:^>'. ;?h'7t^^>f ^ ^-iJ^^^fJ 
» LX^WLCDlE^m^i^ t) aj LTJEm h ^ ^-^^ l 

i(} [0 0 18] $e.{-wCOiai l(7>«^a:l^«t^ti^5!5ft« 
i: UT. BigJ^ hD^^;^. 1 9 9 4^11>^70 
^ (NO. 6 2 1) P 1 4 7^P 1 5 7<Z)15*^S^^i^ 

Tv^6<, 1 2 (7:>:/d >;/>5'i2|[;i^i-ltt-ii:»ftA;'3 

[0 0 19] Ell 2 -eti^^8£ h ^ >';^Ti i: h^^^i^;^ 

s) t:n\^^^m(DjE^mt:i¥r)mnh9>^:!^iJtzmwim 

40 m^Si^JD h ^ >':^ 1 t;i J: o r fl-S uy^iz^^m;^ 

mH^:ft#2co?^«f<g«{cR];DD'r^o *?^2 t::«ttb:fc« 

MttRi 0 ^ Di 0 x^m<o^^m,(on^mmzmiSk x^ti 

I C4 Olc:A:^-r^o /^:y:7T 4 5^5119. « 
5i-[HJK4 6-eii:a£«i£(c:^|feUTVCO 4 2\zKti\.X 
JEEWh^V^J^lOffift/gftSC^f^t). «E«)|1II*4 3-eQ 

1 ^^tbi-^o ^o\.xj^^vv^^:^i(ommnm.w^ 

mm L-CJEm h ^ >':^ l <7>#JEit^^;t3'<&;^i5^ aw 2 (7> 

I c 4 0 \z\-xz.(Dmzimm'^. ^^mm^mmikm 

50 g&4 7^. AiJ«jlS«ffi*fetiiIilK4 1. S*;S«*«im« 
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[0 0 2 0] 

[0 0 2 1 ] -^m^&m, h "7 v;^ ti^«^»*c#55-c 

[0 0 2 2] '^^xmn.Y'7^^:^(o^^t'^%L^(onmk 

•rfbf^S-^Si:l2Il 3 (b) tOir^:7tc:J:^^«ji!igE«c 

[0 0 2 3] Ell 0l::J:SEEISh7>^:5^ \ <r>mWt&(0 
t:*-iJ^«EEV8i [Vo-p ] fi^ h^>'i^;^^Qi (^KW 
>^«EE60fc*-i5'«JEVdi [Vo-p ] l::Jt^Ji-^;6^ iSI 
13 (a) iDmt-::<^mEE{iii:atA:;^«/£VDo<^*5J:^ 

[0 0 2 4] ii:SftA::^l|£E;!i^_b#1-6 . h ^ >';^ 
los?i!Jii^6»^^M^^KIS:;6^^,ig5v^^K»:^:l«^L. # 

J£M:(^)^&v^i|^ffi^^ \.xzi'(Km(o^m^-'^(n>fm^^^ 

*{6:A:;^miE<7:> 2f|Fi7:> 2 VDominCV] 5 h ^ 
:^l<7)#ffiit;65ii^5>tc/^^J;9J^c?IIKi«)^»^fcf 1 t^^m 

3f^FC0 3 VODmin [V] /jT b 3 1 (D#JEJt t::/^ S 

[0 0 2 5] ^^-eci(D^j»:^fe{;ij;ti.fi:, co9iiE»iHi 
^vNii:ai60A;^«iis-et(j^^-r^»'&'icti. 

[0 0 2 6] h^>-i^>«^^Qi , Q2 fiii:MA;t)m 
S Vdd S tr- iJ' mJEE-t?:/ 

[0 0 2 71 ^<om,^mm^h u-cf±. \tmx:hn&^ 



(5) «FlW5p9- 1 0 7 6 8 4 

>y^>^ (ZVS) SrWJE L^^t < ^fcSa 
[0 0 2 8] ^r-e. h^:^i^;^^Qi . Q2 {cii:*:^ 

10 [0 0 2 9] ^^^<omm\^^<:>XXf}WEimii'^-^ 

t3:2fspmar ({?ij;^}i:E««iE-e8-i e cv] ) (oxf) 

^ > ^ ^ «m*M^^«»ft*MM60i^»it-f l^iStp^ 

-c. 3-4»ms (i?yiLjiii:»fE«j£-e5'-2 0 [v] ) 
oA;b«EE«iia^^5r.t^iti5i€. ^Mz.\t-<xmnY 

it. 

20 [0 0 3 0] i'isL(0'^^m^\z. J: ^<^^m<7:>, mil 

M^4- 2 1 0 7 3 3 2: hnj=i:^;:^, 199 

4*1 1^ 7 0-^ (NO. 621) P147'-P157 

olB»i;iJ:5lsii 2<DJE«^^i^;^o^BftIHI^^rjBv^r 

v\ fifo-c. A:;^«jE{clteyLrffi«h^:^:^oiKt!j« 
[0 0 3 1 ] $ t>i-wnt(D^*:fe-^'efcixt^A;^«ffi 

2>i£i^ifd«feSo mKh^^':^— ?^:ffiflJ-^tts«SfCtiA:^ 

mfft^iii^^iJi-S^^-C. l^i!j08g(DA;^mEE;6S2{^t:i/«^^ 
i:«?^h7>^:^t-^?ltv^1|;»ftJi2«{-J^ce *<g;«JEEO 

[0 0 3 2] -mz,wmv'7>^:^tm'^fm\^f^\^^^'^ 
\^mm tc: :^ # V ^«« $r m tt. j^H^ ±mit-r s :^ 

[0 0 3 3] y.±(r>^ 0 \^'^^<oW^x\x^ ^^:v^A;^3m 

::fc^{b-r^^^*5fcf9. A:^«BE«^S^:fe#<l±i5le/J^v^ 
50 raH;a;55fcofCo 
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[0 0 3 4] -^fi^ ^m^'^nimm^^m\^i^^<v^ y 

[0 0 3 5] r.o;*^»«i«^Jc^;n.^«m^i(i6^«;ei5/h$ 
[0 0 3 6] ^w-C)W«Sr:*:t<ae<t;^?ii:SS^^I-«»<75 

hli*:*r^ {^fz}±PWMmm : P u 1 s e w 
i d t h Mo d u 1 a t i o n) t^^htlX\f^^o ^ 

tin. ^»m'»(Dvmm^xK<Dn\z.hh^^i:mc^ 

^^j:y^^m'^<Dmm m^\^2io [hz] -c^w^ii:. 

[0 0 3 7] mi 0(D!^m^7~6 9 2 0 7\:L^^^Ajm 

ziL:^;u^^ti.xnm-t^tiib. &mh9>^p^<ommm 

[0 0 3 8] -^rr-C h7>'i^;='^<5'S:yi^-i;7yf>>'^-y: 

^ ffl V ^ fc^^gilH] 8fS i^vH ^ ;^ o 
[0 0 3 9] *:5gB>^(75g«){iCtt^c^l»S^*P*L. J£ 

[0 0 4 0] 



(6) #M5P9- 1 0 7 6 8 4 

[0 04 1] *;?t*«M{;i:fev^T89IB«a£(!M*^ia:;65i^ 

[0 04 2] $ b^cl:^^0.q^-*3v^-ct^rl5«a£«1^^l9:;55 

[0 0 4 3] *:36Mf-*3V>r||H(z:> h7>'v^:^^?'^NPiJ- 

[ 0 0 4 4 ] :^^m<Dm<ojxxtinmmm(omm 

m:i(ohy>i^:^^^^:S.\zm»'ir^^mW\m^ 

^(Dhy>'''j':^^ tmmi^^^w^^^mi.. tijiB^-* 

■^^L1tiK^xmiS.m^<Dh'y>'i^:^^i::^>'. 
30 ^ r t J: o r BulBJEm h ^ v-;^ (^l^ib«ff^0f 5^018 

hy>^i^:^^(Dmmmm»it:i^^t^^xmfBEEmh'^>^ 

iv^X^. m^&fi.h'y>':^co^EElt^mm'i-^mi&^ 

[0 0 4 5] ^it:^mm\:i:te\^^xm^mm^n^^^^^ 

^ KJ- ct o xm^ ^ tb^ r. i- S o 

[0 046] ^ ^^c:;*:^|^^c*3V^-CH^^ga«at«;^^^;^^ 
hy>'i^:^^\^2:^xmf&^fi. m^mE.(D h'y>^i^y^ 

[0 0 4 7]^:fc*%B>«l::*5\/^TjgH.<^ h^^'v^:^^^ 
[0 048] $ b\^:^¥&m(om.(Of£:x:t)n.&Vm<oBn 

hy>^y^mWimm<Dmm-±. mn^^k^mmvx. -i^ 
mif)^hxtj i.tz.^mmm^:=.^mi\z.m:^'r^s.m vy> 

50 i^y^^^:t>'\^xmMib^hnm^^^^^'tKt3i.s fftIB 
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^^xmummhy>^:^(Dr.»iwmt^^m^(Dmt}mm 

10 04 9] -t1t^^m\^:Sf^^^Xml&=^^ MzUfS^mzi 

[0 0 5 0] $ h\:L'^^mz.'^\^xm^jm^m^WLi^ 
[0 0 5 1] •^i^im.m^^^^xm^wmw^^m^w. 

[0 0 5 2] %m^\z.^\^xm^^^(0 hy>i>^:^^^ 
m^m\::.:tyir^zt\zX-:>Xs m^&mhy >^:^(OA 

[0 0 5 3] *^Momjc:J:or. nUtVXXt}^ 
[0 0 5 4] ^fc. Xtim&t^:k^<^j:^XhmMhy 

[0 0 5 5] xtim.j^(omtxmmmmm^i^ 

rx'^.)VV:K^ ^y^^^^ (ZVS) 

tc. Kt^W&t^^^<fl-^f:.m5^X\,Yyi^^;^y^^(D^ 

[0 0 5 6] ffim h ^ i^y^<o'mm^^^±MM\z'r^ 
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[0 0 5 7] A?Rft-^ft»««i£:«ffiUy5:^^^/^7 

(om^-^-k^\\:^^^m^. m^7^M%(r>Yyi^^;^7.^ 
:SrPWMftIJ»1-i^^^. JElt h7>';j^co^4gffi=2^>'^*fe 

[0 0 5 8] 

10 i^m(omM(omm] ^\z:^mmm\zo\^^xm^^^m 
[0 0 5 9] mi\z^^:^mm<Di^mi'±:k^< 4m<om 

EE« h ^ ^-^^ 1 <z?^»:««{c:SjBs$ tb:ferft#2 ^at;n.5 
S^SSmSK I 0 [Vrms] ^^/tti. maJi-SXaE«EEVo [Vrm 

y>^::^i (ommmm^^mmir:bmm^mmmm s t . 
m:mx:hft.m (vdd) 7b^^mm»mmmi^3\zx<:>xi¥ 
20 hi^itmmm&mco^mm^^^^^^x. je« h ^ >- 

;^ 1 C0-^>c1B!|«StCBl»P-r5#ffi[llK4 w(Z?fE« h 

iE (Vdd) A^mti^x hm^<Dimzmm't^^<om«im 

1 0O%^fi^W(cJ:5«^S;(3:RgtbttJ£M»[lll%5 ^ 

[0 0 6 0] mmmEEmmmmsn. tt^^i 6. mm 

fc'-- ^ mmmt^ sat A;^«J£ Vdd J: o -cas^b L Jit V 

Wi-^HK-Cfc^o 0(^^Lyi:tit*fe1t<7)«^l-fi 
VCOl 5 0lK«j^&»{i:|^Sb^^g»^I^C-Cfco:fc 
*lljte«-t?ti^«!lft^J|»Iil^ 3 (7> V C O 1 5 (D^m 

(2xf) t^H^^fvco lR)D<Jlil^^2xf<7>m?l0i!^ 
fcLK i^ffi;^-r51^t-«J*bT*5<o 
[HiS 4 o^^illS 8 {;iJ: o T 2 X f ojl«»r^H^^f;::4>« 
40 LrffitecDSteLfc^^i^VgK Vg2^tti;^)U. h^i^ 

[006 1] |gitc:J:^>VCOl SOllKISl^lgieJ::^ 

Vmin (7:>»-g^-efoo-r. i±;««2 2com;^;e'5ii:at 
«8g«JEVoDfJ:#LVNHU-<7U'CD»#. *SffiS§2 3 0;S: 
feA;bi^^f;::Ro8c ^iicrmijfcli ;i/5^jft^32itpco-C. 
^feA;^iH^^cr>mmd5-h#i-5e 2 3 (7:>*S«5A 

;^«-7-tcfiii[«eA:^«iEVDDO«ii^^^><7)S*«JEVraf2 

so !9i«<^jtSo-c> it««2 3(7:>m;bHs 
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(OK^XtitS^^ h 0^mXt}f^^(Dm&m^ii n ^) 
«M-CiS*i§§2 3f^^:^-r^^ I 1 =-l2 t^J:^o 

[0 0 6 2] ^Cl-Cifiiffi«2 3(7)a;t)mffi«. Cose ^ 
ilDT^mSKli =-l2 SrSKi-:'t«e>B*WW(;^-5eo»J 

:^nitmm2 2(D$^KmAt}m'f-\^^m^tix. ^^{c: 

IwtJ^oT. itK«2 2<7>|^RteA:*l«^<D«£E>i>®TL 
[0 0 6 3] ^r-ei||i|ii«2 3(7>m:timJEdSVL [V] 

icRi i:R2 ^i9::^LTfoSoT. tt:««2 2(7:>m:tim 
;6SaSfr{c/^«9, liti§§2 3 0ffi;^fi^m»^- Ii =l2^ 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the piezoelectric transformer actuation circuit 
which can perform hi^ actuation of effectiveness, even when especially input voltage is 
changed in the large range about the piezoelectric transformer actuation circuit for changing an 
electrical potential difference using a piezoelectric transformer component. 
[0002] 

[Description of the Prior Art] Generally a piezoelectric transformer is an electrical-potential- 
difference sensing element which takes out the electrical potential difference which was made to 
generate mechanical vibration using the piezoelectric effect of a piezoelectric device, and was 
changed from the secondary electrode side, this — electromagnetism — it is the component for 
which it uses as an inverter which makes a cold cathode tube tum on or which has the description 
which can attain miniaturization and thin shape-ization as compared with a transformer, and 
attracts attention as a high voltage power supply. 

[0003] This invention is used in case it constitutes about the actuation circuit of this piezoelectric 
transformer as the inverter which changes DC power supply into the high tension of an 
alternating current, and a DC to DC converter changed into the high tension of a direct current. 
For example, it is necessary to input the direct current voltage of 5 [V] to 20 [V] into an inverter, 
and to change and supply it to the altemating current whose tube voltage is about 500 [Vrms] 
and whose tube electric currents are about 5 [mArms] and frequency 100 [kHz] extent to the cold 
cathode tube of 3mm of 220mm tube diameters phi of tube lengths used as a load as input 
voltage, in the case where it is used for the back light for the electrochromatic displays for 9.4 
inches. Moreover, it is necessary to obtain the direct current voltage of about 1 [kV] to 5 [kV] 
extent from the DC power supply of 24 [V] extent with the power source for static electricity 
generating of a laser beam printer. 

[0004] In the actuation circuit of this kind of piezoelectric transformer, that technique is 
indicated as a well-known thing as Japanese Patent Application No. 7-69207 by the invention-in- 
this-application person. It is the inverter which drawing 10 is the block diagram, and consists of a 
piezoelectric transformer 1, a booster circuit 4 which drives this with altemating voltage, and a 
frequency control circuit 3 for driving a piezoelectric transformer 1 near resonance frequency, 
and controlling it to a fixed output, impresses the direct-current input voltage VDD, and outputs 
altemating voltage VO [Vrms] to a load 2. If the driver voltage of the sine wave which is 
resonance frequency is applied to the upstream electrode of a piezoelectric transformer 1, a 
piezoelectric transformer 1 will begin a mechanical oscillation. The piezoelectric transformer 1 
has the pressure-up ratio which becomes settled in the configuration, and is the component which 
can be taken out from a secondary electrode as altemating voltage to which only the pressure-up 
ratio became high. 
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[0005] The example of the booster circuit 4 which apphes alternating voltage to drawing 14 at a 
piezoelectric transformer 1 and this, and the electric equal circuit by the load 2 is shown. A 
piezoelectric transformer 1 is AV by resonance circuit and ideal transformer T according the 
driver voltage inputted from the primary lateral electrode to the equal circuit of LCR. It can have 
a pressure-up ratio and the electrical potential difference which carried out pressure up to the 
secondary electrode can be outputted. Although a piezoelectric transformer 1 generates parasitic 
oscillation when a piezoelectric transformer 1 is driven of components other than resonance 
frequency, only a resonance frequency component can be taken out, but it becomes loss of 
energy, and the effectiveness of a piezoelectric transformer 1 is made to fall in secondary. 
Therefore, it is important to drive a piezoelectric transformer 1 by the sine wave which does not 
contain any components other than resonance frequency, a moreover coil and electromagnetism - 
- since the sine wave of an electrical potential difference higher than the supply voltage inputted 
by the transformer can be generated, there is an advantage which can be operated with lower 
input voltage. 

[0006] then ~ the booster circuit 4 of drawing 10 — electromagnetism ~ it is made to resonate 
with the inductance of a transformer, a sine wave is generated, and the piezoelectric transformer 
1 is driven, drawing 10 — the primary lateral electrode of a piezoelectric transformer 1 — 
electromagnetism ~ a transformer Tl and T2 the clock of the opposite phase which connected as 
an autotransformer and was outputted from 2 phase actuation circuits 9 — a transistor Ql and Q2 
altemation — an ON state — becoming ~ electromagnetism — a transformer Tl and T2 A current 
is charged from the source VDD of direct-current input voltage as sink electromagnetic energy to 
the upstream. 

[0007] A transistor Ql and Q2 If it becomes off, the charged energy will be emitted and the 
electrical potential difference higher than supply voltage as electrical-potential-difference energy 
will be generated. This is set up so that it may become the input equivalent capacity Cdl and the 
voltage resonance wave which were seen from the upstream of the piezoelectric transformer 1 of 
drawing 14 , and it becomes a half wave sine wave about 3 times the peak voltage of the direct- 
current input voltage VDD. this half wave sine wave Vdl [Vo-p] and Vd2 [Vo-p] ~ 
electromagnetism ~ a transformer Tl and T2 Pressure up is carried out to an N+1 time as many 
winding ratio as this by secondary, and similarly it is set to the half wave sine wave Vsl [Vo-p] 
and Vs2 [Vo-p], and is impressed by the upstream electrode of a piezoelectric transformer 1. 
[0008] The sine wave of the half wave from which these two phases differ tums into a sine wave 
of amplitude VsH-Vs2 [****-p] equivalent, vibrates a piezoelectric transformer 1, and is 
outputted as alternating voltage VO [Vrms] which becomes settled with the configuration of a 
piezoelectric transformer 1 from a secondary electrode and by which pressure up was carried out, 
[0009] This alternating voltage VO [Vrms] is impressed to a load 2, and altemating current 10 
[mArms] (or altemating voltage VO [Vrms]) goes into the frequency control circuit 3. This 
frequency control circuit 3 is a circuit which performs processing suspended on the frequency 
from which the drive frequency which drives a piezoelectric transformer 1 to 2 phase actuation 
circuits 9 was generated, the sweep of drive frequency was continued until the altemating current 
10 [mArms] (or altemating voltage VO [Vrms]) outputted from a piezoelectric transformer 1 
became a predetermined value, and the predetermined value was acquired. 
[0010] The interior of this frequency control circuit 3 consists of the current potential conversion 
circuit 10, a rectifier circuit 1 1, a comparator 12, an integrating circuit 13, a comparator 14, and 
VCO (voltage controlled oscillator)15. It is changed into a voUage signal by the current potential 
conversion circuit 10, and is rectified further in a rectifier circuit 11, and the altemating current 
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10 [mArms] which flows for a load 2 first is inputted into a comparator 12 as a detecting signal 
of a direct current. It is reference voltage Vref at this comparator 12. It is compared, and when 
the detection signal level is smaller, the signal of a high level is outputted to an integrating circuit 
13. This integrating circuit 13 is constituted so that it may fall at a rate that the period and output 
voltage as which the electrical potential difference of a high level was inputted are fixed, and the 
output voltage of this integrating circuit 13 is inputted into VC015. VC015 is a voltage 
controlled oscillator which outputs the pulse of the fi-equency proportional to the inputted control 
voltage, and drives a piezoelectric transformer 1 on the fi-equency of this VC015. Then, the 
direction of a detection signal level is reference voltage Vref When small, drive firequency will 
continue falling. 

[001 1] It is the resonance frequency fr of a piezoelectric transformer 1 to carry out the sweep of 
the drive frequency from a high region side. The detecting signal which is because the high 
frequency domain was used and is an output signal of a rectifier circuit 1 1 is reference voltage 
Vref It is set up in the direction in which a frequency will fall if low, and is resonance frequency 
fr. Since the pressure-up ratio of a piezoelectric transformer 1 increases as it approaches, 
alternating current 10 [mArms] (or alternating voltage VO [Vrms]) will increase in time. The 
electrical potential difference inputted into a comparator 12 in this condition is reference voltage 
Vref When it exceeds, the integral control action of an integrating circuit 13 stops with this 
signal, the output of a comparator 12 is on a low side, and that output signal remains maintaining 
an electrical potential difference just before being set to a low henceforth. Therefore, since the 
output frequency of VC015 becomes fixed and a piezoelectric transformer 1 is also driven by 
fixed drive frequency, the alternating current 10 [mArms] (or altemating voltage VO [Vrms]) 
outputted from a piezoelectric transformer 1 is kept constant. 

[0012] Naturally the case where the direct-current input voltage VDD below rating is inputted, 
and time amount until the cold cathode tube used as a load 2 starts discharge can supply 
predetermined altemating current 10 [mArms] (or altemating voltage VO [Vrms]) to a load 2. 
Then, since the drive frequency of VC015 will fall below to the resonance frequency of a 
piezoelectric transformer, when the direct-current input voltage VDD rose afl:er that more than 
rating, or when the cold cathode tube of a load 2 starts discharge, the pressure-up ratio of a 
piezoelectric transformer 1 will be lacking, and the condition that a predetermined output cannot 
be supplied will follow a load 2. So, when drive frequency has fallen to the lowest frequency of 
VC015, it is necessary to newly retum drive frequency to a high region side from the resonance 
frequency of a piezoelectric transformer 1. This actuation is explained below. 
[0013] When predetermined altemating current 10 [mArms] (or altemating voltage VO [Vrms]) 
cannot be supplied to a load 2, the output of a comparator 12 serves as as [ high level ], and drive 
frequency continues falling below to resonance frequency. Then, reference voltage Vmin set as 
the value with which the output voltage of an integrating circuit 13 is equivalent to the lowest 
frequency of VC015 If it becomes below, the output of a comparator 14 will be set to a high 
level, and will output a reset signal to an integrating circuit 13. The above-mentioned actuation 
will be repeated until an integrating circuit 13 becomes a maximum voltage by this signal, drive 
frequency turns into the highest frequency of VC015 and predetermined altemating current 10 
[mArms] (or altemating voltage VO [Vrms]) is obtained by the load 2. 

[0014] So, a predetermined output can be suppUed, when the direct-current input voltage VDD 
was recovered on the electrical potential difference more than rating, or when the cold cathode 
tube used as a load 2 starts discharge. 

[0015] Thus, when input voltage is more than rating, since fixed aUemating current 10 [mArms] 



3 



(or alternating voltage VO [Vrms]) is outputted to a load 2, the output of fixed alternating current 
(or alternating voltage) can be obtained to fluctuation of ambient temperature, supply voltage, 
and a load. 

[0016] JP,4-210733,A is known as a well-known example by other conventional techniques. 
This is the output-control approach of the high frequency DC to DC converter which used the 
piezoelectric transformer, as shown in the block diagram of drawing 1 1 , and in order to make 
the actuation wave of a piezoelectric transformer 1, it has made altemating voltage from DC 
power supply 30 by the upstream actuation circuit 31. The piezoelectric transformer 1 driven 
with this altemating voltage outputs the altemating voltage which carried out pressure up to the 
output rectifier circuit 32. The electrical potential difference which was flowing in one direction 
by this output rectifier circuit 32 is supplied to a load 2. On the other hand, the direct-current- 
power electrical potential difference of the output rectifier circuit 32 can stabilize the direct 
current voltage which inputs into the detection amplifying circuit 35, carries out detection 
magnification, adjusts the frequency in addition to a variable frequency oscillator 33, adjusts the 
pressure-up ratio of a piezoelectric transformer 1, is made to feed back from the detection 
amplifier 35, and is supplied to a load 2. 

[0017] In order that the resonance mold converter may be used for the upstream actuation circuit 
3 1 of drawing 1 1 so that zero bolt switching (ZVS) of driver voltage or actuation current zero 
current switching (ZCS) may be performed, and it may control the duty ratio (at the time ratio) of 
a switching element (not shown) and may adjust the timing of switching of the upstream 
actuation circuit 31, it controls the timing of ON and OFF by the ratio conversion circuit 34 at 
the time of electrical-potential-difference -, makes the sine wave of a half wave, and is driving 
the piezoelectric transformer 1. 

[0018] As the still more nearly same conventional technique as the configuration of this drawing 
il , the report of the Nikkei electronics and the November 7, 1994 issues (N0.621) P147-P157 is 
known. This is an inverter which carries out pressure up of the direct-current input voltage, and 
supplies altemating voltage to a load 2 as shown in the block diagram of drawing 12 . 
[0019] drawing 12 — electromagnetism — transformer Tl Transistor Ql It is used and a forward 
mold converter is constituted, a duty ratio is controlled, zero current switching (ZCS) is 
performed, the sine wave of a half wave is made, driver voltage is impressed to a piezoelectric 
transformer 1, and the altemating current output voltage which carried out pressure up with the 
piezoelectric transformer 1 is impressed to the cold cathode tube of a load 2. After transforming 
into the voltage waveform of the sine wave of a half wave the current which flowed for the load 
2 by RIO and DIO, it is inputted into control IC 40. It passes along a buffer 45, and it changes 
into direct current voltage in an integrating circuit 46, inputs into VC042, the drive ft-equency of 
a piezoelectric transformer 1 is made, and it is the actuation circuitQl at 43. It drives. In this 
way, controlling the drive firequency of a piezoelectric transformer 1 and changing the pressure- 
up ratio of a piezoelectric transformer 1, it is constituted so that the current of a load 2 can be 
controlled. In addition to this, there are a start-up circuit, the load open-circuit detection 
protection network 47, the input power electrical-potential-difference detector 41 and an 
abnormality burning detection protection network, and an input voltage lowering detection 
protection network 44 in control IC 40, and it operates as a protection network which stops 
actuation of the inverter of drawing 12 at the time of the abnormalities of supply voltage or a 
load. 
[0020] 

[Problem(s) to be Solved by the Invention] There is the following trouble in the well-known 
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technique by drawing 10 . Here, when the cold cathode tube is connected as a load of a 
piezoelectric transformer, in order to stabilize the brightness of a cold cathode tube, drive 
frequency is controlled, the pressure-up ratio of a piezoelectric transformer is made to fluctuate, 
and it is controlling so that the current which flows to a cold cathode tube becomes a 
predetermined value. 

[0021] Generally, a piezoelectric transformer shows the greatest effectiveness in near resonance 
frequency, and it has the inclination for the effectiveness which transmits the input power from 
the upstream to secondary to fall as it separates from this frequency. 

[0022] Therefore, since it will become the drive frequency near [ by the graph of drawing 13 (b) 
] resonance frequency if the effectiveness of a piezoelectric transformer makes it operate on the 
maximum frequency, a piezoelectric transformer is the greatest pressure-up ratio Av. It will 
operate. When the driver voltage of a piezoelectric transformer falls here, the tube electric 
current like the point can be maintained. 

[0023] Peak voltage Vsl of the driver voltage of the piezoelectric transformer 1 by drawing 10 
[Vo-p] Transistor Ql Peak voltage Vdl of a drain electrical potential difference [Vo-p] Although 
it is proportional, since this electrical potential difference turns into the input voltage VDD about 
3 times the peak voltage of a direct current like drawing 13 (a), it will be proportional also to 
VDD. Then, when direct-current input voltage is the minimum input voltage (VDDmin [V]), 
drive frequency is the resonance frequency fr of a piezoelectric transformer. Becoming, a 
piezoelectric transformer will operate at high effectiveness. 

[0024] When direct-current input voltage rises, the drive frequency of a piezoelectric transformer 
1 will be moved from resonance frequency to a high frequency, and control which changes into 
the low condition of a pressure-up ratio, and supplies a fixed current to a secondary load will be 
performed, for example, drive frequency fl from which the pressure-up ratio of a piezoelectric 
transformer 1 will become half if input voltage is set to 2VDDmin(s) [V] which are twice the 
aforementioned minimum input voltage controlling — 3 times as many 3VDDmin(s) as this [V] it 
is ~ frequency f2 which becomes the pressure-up ratio of 1/3 It will operate. 
[0025] So, when operating a piezoelectric transformer by drive frequency with bad effectiveness 
when the supply voltage supplied to this actuation circuit is a high electrical potential difference 
according to this control approach was not avoided but it operated in the input range of a large 
power source, it had the fault to which average effectiveness falls. 
[0026] Moreover, a transistor Ql and Q2 Pressure-proofing needed to be raised so that 
breakdown might not be generated in the peak voltage generated when the direct-current input 
voltage VDD is max, when input voltage range was wide, the pressure-proof high transistor was 
needed, it became the cause by which on resistance increased and effectiveness fell, and there 
was a trouble leading to a cost rise. 

[0027] Since drive frequency will be raised as other troubles in order to lower the pressure-up 
ratio of a piezoelectric transformer 1 if direct-current input voltage VDD is made high, before it 
becomes impossible for an actuation wave to maintain a voltage resonance wave and the 
upstream electrical potential difference of a piezoelectric transformer becomes zero, it is a 
transistor Ql and Q2. It is turned on and the phenomenon of stopping satisfying zero bolt 
switching (ZVS) occurs. 

[0028] a transistor Ql and Q2 **** — a big current — flowing — generation of heat — large — 
becoming ~ just — being alike — since it became the cause which damages a transistor, there was 
an upper limit in enlarging input voltage range. [ then, ] 

[0029] It becomes difficult for input voltage range to cross greatly about (for it to be 8-16 [V] at 
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direct current voltage) 2-time input voltage range generally by these limits, on the other hand ~ 
electromagnetism — it had a fault — the thing using a transformer being able to take large drive 
frequency, and an inverter and a DC to DC converter using [ since it is necessary to drive neither 
a voltage resonance mold nor a current resonance mold further, can also take about (it is 5-20 [V] 
at direct current voltage) 3 to 4-time input voltage range and ] the piezoelectric transformer 
compared with it have a narrow input voltage range, and an application is restricted. 
[0030] Also in the actuation circuit of the piezoelectric transformer of drawing 12 with JP,4- 
2 10733, A of drawing 1 1 of the well-known example by other conventional techniques, and the 
report of the Nikkei electronics and the November 7, 1994 issues (N0.621) P147-P157, the 
resonance frequency range of a piezoelectric transformer be narrow, drive frequency be change 
only about several% for a high property, and Q can hardly change ON of the transistor of the 
forward mold converter of 1 transistor mold, and the duty ratio of OFF, either. Therefore, since 
the phenomenon in which the driver voltage of a piezoelectric transformer becomes large in 
proportion to input voltage is the same, the trouble that the drive frequency of a piezoelectric 
transformer must be separated from resonance frequency, and must be made to drive in the low 
field of a pressure-up ratio is the same. 

[0031] if it is ftirthermore these conventional methods — input voltage — the time of max — 
setting ~ electromagnetism — since [ which does not generate magnetic saturation according to 
the current which flows to the upstream of a transformer ] it is necessary to set up like ~ 
electromagnetism ~ it is necessary to use what has allowances in the capacity of a transformer 
electromagnetism ~ since the current which flows to the transformer upstream is proportional to 
input voltage, if the input voltage of an actuation circuit doubles — electromagnetism ~ the 
electromagnetism which can pass a twice as many current as this as compared with the case 
where the current which flows to a transformer doubles and it is made to operate only on the 
minimum electrical potential difference ~ a transformer is needed. 
[0032] general — electromagnetism — in order to pass a large current to a coil so that a 
transformer may not carry out magnetic saturation, there was a fault which a configuration 
enlarges, a piezoelectric transformer — electromagnetism — although it can be made a 
configuration thinner than a transformer — the electromagnetism for actuation — when the 
transformer was enlarged, there was a trouble which cannot harness the description and cannot 
do a thin inverter or a thin power source. 

[0033] As mentioned above, by the Prior art, in order to make it operate in a large input voltage 
range, there was a fault which effectiveness falls or an actuation circuit enlarges, and there was a 
trouble which cannot enlarge input voltage range. 

[0034] Moreover, in considering as the high voltage power supply which makes the back light 
which used the cold cathode tube for the load tum on, in order to change the brightness of a back 
light, it is necessary to control the current value which flows to a cold cathode tube. When a cold 
cathode tube has upwards the property of the negative resistance which an impedance will 
increase if a tube electric current value becomes small and expresses in an electric equal circuit, 
it is constituted by a resistance component and the capacity component. 

[0035] If the absolute value of the current which flows to this cold cathode tube becomes small, 
the current which flows to stray capacity cannot be disregarded, but a difference will occur in the 
current value of the high-tension side of a cold cathode tube, and the low-tension side. Then, 
nonconformity will be generated, when brightness becomes an ununiformity and constitutes a 
back light. 

[0036] So, in order to change brightness a lot, the following burst modulated light method (or 
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PWM control-ulse width Modulation) is learned. This is a predetermined period (for example, it 
is the technique to which it is made to blink by 210 [Hz], the ratio of the burning time amount 
and lights-out is changed, and brightness is reduced equivalent.) which does not impress a flicker 
for the tube electric current of a cold cathode tube in human being's eyes. 
[0037] Li order to adopt this burst modulated light method with the well-known technique by 
JP,7-69207,A of drawing 10 , it is two transistors Ql and Q2. Although it is necessary to stop 
periodically the actuation wave which is made to suspend the actuation tumed on and tumed off 
by tums, and is inputted into a piezoelectric transformer Since one side of the inductance of a 
load is released, in order to emit the current energy stored in this as electrical-potential- 
difference energy, a far larger electrical-potential-difference surge than the driver voltage of a 
piezoelectric transformer is generated. 

[0038] Then, it needed to protect like and there was a fault for which the protection network 

using zener diode etc. which does not carry out breakdown for a transistor is needed. 

[0039] Even if the object of this invention solves these technical problems and it is a large input 

voltage range, it is the possible small thin shape of operating efficiently, and it is in offering the 

piezoelectric transformer actuation circuit which can moreover constitute the unnecessary burst 

modulated light method of a protection network. 

[0040] 

[Means for Solving the Problem] The configuration of the piezoelectric transformer actuation 
circuit of the extensive input voltage range by this invention The piezoelectric transformer which 
outputs the alternating voltage inputted from the upstream to secondary using the piezo-electric 
effect. The first coil and first transistor which were connected to one electrode of the upstream 
electrode of said piezoelectric transformer, The second coil and second transistor which 
connected one side to the upstream electrode of another side of said piezoelectric transformer, 
The pressure-up means which consisted of firequency dividers which drive the second transistor 
by tums for a start [ these ], The third transistor and current maintenance means which were 
connected to the power source on another side of said first and the second coil are connected, 
respectively. By tuming on said third transistor and turning off a duty ratio within the ON time 
amount of said first or the second transistor, by the signal which carried out adjustable So that 
the driver voltage control means which controls the driver voltage of said piezoelectric 
transformer on a predetermined electrical potential difference, and the said first and second 
transistor drive frequencies may be changed and the predetermined output current or output 
voltage may be obtained from the secondary electrode of said piezoelectric transformer It is 
characterized by consisting of frequency control means to control the pressure-up ratio of said 
piezoelectric transformer. 

[0041] Moreover, it is characterized by constituting said current maintenance means by diode in 
this invention. 

[0042] Furthermore in this invention, said current maintenance means is constituted by the 
transistor, and it is characterized by switching to said the third transistor and exclusion target. 
[0043] By tuming off the third transistor in time sharing in this invention, the input voltage of 
said piezoelectric transformer is stopped and it is characterized by carrying out adjustable [ of the 
actual value of the altemating current supplied to the load connected to said piezoelectric 
transformer, or altemating voltage ]. 

[0044] Moreover, the configuration of the piezoelectric transformer actuation circuit of other 
extensive input voltage range of this invention The piezoelectric transformer which outputs the 
altemating voltage inputted fi-om the upstream to secondary using the piezo-electric effect. The 
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first autotransformer which connected the secondary terminal to one electrode of the upstream 
electrode of said piezoelectric transformer, and connected the medium terminal to the first 
transistor. The second autotransformer which connected the secondary terminal to the upstream 
electrode of another side of said piezoelectric transformer, and connected the medium terminal to 
the second transistor. The pressure-up means which consisted of frequency dividers which drive 
the second transistor by tums for a start [ these ], The third transistor and current maintenance 
means which were connected to the power source are connected to each upstream terminal of 
said first and the second autotransformer. The driver voltage control means which controls the 
driver voltage of said piezoelectric transformer on a predetermined electrical potential difference 
by tuming on said third transistor and tuming off a duty ratio within the ON time amount of said 
first or the second transistor by the signal which carried out adjustable. It is characterized by 
consisting of frequency control means to control the pressure-up ratio of said piezoelectric 
transformer so that the drive frequency of said first and the second transistor may be changed and 
the predetermined output current or output voltage may be obtained from the secondary electrode 
of said piezoelectric transformer. 

[0045] Moreover, it is characterized by constituting said current maintenance means by diode in 
this invention. 

[0046] Furthermore in this invention, said current maintenance means is constituted by the 
transistor, and it is characterized by switching to said the third transistor and exclusion target. 
[0047] Moreover, by tuming off the third transistor in time sharing in this invention, said 
piezoelectric transformer input voltage is stopped and it is characterized by carrying out 
adjustable [ of the actual value of the alternating current supplied to the load connected to said 
piezoelectric transformer, or alternating voltage ]. 

[0048] Furthermore the configuration of the piezoelectric transformer actuation circuit of other 
extensive input voltage range of this invention The piezoelectric transformer which outputs the 
alternating voltage inputted from the upstream to secondary using the piezo-electric effect, A 
pressure-up means with the coil which tums on the fiirst transistor within 1 actuation period of 
said piezoelectric transformer, inputs current energy from a power source, tums off said first 
transistor, and is outputted to said piezoelectric transformer upstream as electrical-potential- 
difference energy, Within the time amount which said first transistor which has the current 
maintenance means and the second transistor which were connected to another side of said coil, 
and was connected to one side of said coil into 1 actuation period of said piezoelectric 
transformer tums on The driver voltage control means which the duty ratio to which a current 
maintenance means to hold the current which tums on and tums off said second transistor and 
flows in said coil operates is changed, and controls the driver voltage of said piezoelectric 
transformer on a predetermined electrical potential difference. It is characterized by having a 
frequency control means to control the pressure-up ratio of said piezoelectric transformer so that 
the drive frequency of said pressure-up means may be changed and the predetermined output 
current or output voltage may be obtained from the secondary electrode of said piezoelectric 
transformer. 

[0049] Moreover, it is characterized by impressing the electrical potential difference which 
carried out pressure up from said coil to said piezoelectric transformer with the secondary coil 
magnetically combined with said coil in this invention. 

[0050] It is characterized by fiirthermore constituting said current maintenance means by diode 
in this invention. 

[005 1] Moreover, said current maintenance means is constituted by the third transistor in this 
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invention, and it is characterized by switching to said the second transistor and exclusion target. 
[0052] By turning off said second transistor in time sharing in this invention, it is characterized 
by carrying out adjustable [ of the alternating voltage supplied to the load which was made to 
stop the input voltage of said piezoelectric transformer, and was connected to the piezoelectric 
transformer, or the actual value of altemating current ]. 

[0053] even if it changes the electrical potential difference inputted as a power source by the 
configuration of this invention — a coil and electromagnetism — since the maximum of a current 
inputted into the transformer upstream is controlled uniformly, it is effective in the electrical 
potential difference of the sine wave which drives a piezoelectric transformer being kept 
constant, and since drive frequency can drive near resonance frequency also with large input 
voltage, there is an operation to which effectiveness does not get worse. 
[0054] moreover ~ even if input voltage becomes large ~ electromagnetism ~ since the 
maximiun of a current which flows to the transformer upstream is uniformly controllable — 
electromagnetism — there is an operation which does not need to use what has allowances in the 
capacity of a transformer, and can use a small thin thing. 

[0055] Furthermore, since drive frequency does not change by change of input voltage, the 
actuation wave of a piezoelectric transformer does not change but the conditions of zero bolt 
switching (ZVS) are maintained, even when input voltage becomes large, generation of heat of a 
transistor can be prevented, and decline in effectiveness and breakage of a transistor can be 
prevented. 

[0056] Since the power of an actuation circuit can be easily discoimected if the transistor by the 
side of input power is turned OFF when making the actuation circuit of a piezoelectric 
transfomier into a idle state, actuation of an inverter or a DC to DC converter is suspended, and 
there is an operation which can be changed into the condition of a low power. 
[0057] moreover ~ if PWM control of the transistor of a power-source input side carries out 
when using it as an inverter for back lights which used the cold cathode tube for the load, 
perfomiing burst modulated-light control which makes the tube electric current a idle state 
periodically and changing the brightness of a cold cathode tube — the coil of a piezoelectric 
transformer for resonance, or electromagnetism ~ since the actuation wave of a piezoelectric 
transformer can stop in the form where a transformer does not generate higji voltage, there is an 
operation which can omit protection networks, such as zener diode. 
[0058] 

[Embodiment of the Invention] Next, this example is explained with reference to a drawing. 
Drawing 1 is a block diagram by 1 of operation by this invention gestalt. 

[0059] The gestalt of this operation by drawing 1 constitutes the inverter with four circuit blocks 
greatly. First, the altemating current 10 which flows the load 2 connected to the secondary 
electrode of a piezoelectric transfomier 1 [Vmis] Or the frequency control circuit 3 which 
controls the drive frequency of a piezoelectric transformer 1 in order to detect the altemating 
voltage VO [Vrms] to impress and to hold these to a predetermined value, The booster circuit 4 
which is made to generate the AC signal of the drive frequency made from direct-current input 
voltage (VDD) by the frequency control circuit 3, and is impressed to the upstream electrode of a 
piezoelectric transformer 1, The driver voltage of the sine wave impressed to this piezoelectric 
transformer 1 consists of a driver voltage control circuit 5 for controlling to a predetermined 
value, and a modulated light circuit 6 for carrying out PWM control of the current value which 
flows for a load 2, even if direct-current input voltage (VDD) changes. This configuration is 
fundamentally equivalent to what added the driver voltage control circuit 5 and the modulated 
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light circuit 6 to the configuration by the conventional technique of drawing 10 . 
[0060] the driver voltage control circuit 5 ~ a comparator 16, a rectifier circuit 17, diode 18, and 
transistor Q3 from - it constitutes ~ having - **** ~ the coil LI of a booster circuit 4, and L2 
The peak current value to supply is the circuit which does not change with direct-current input 
voltage VDD and which controls like and controls the driver voltage of a piezoelectric 
transformer 1 to a predetermined value. Li the case of the conventional technique shown in 
drawing 10 , the drive frequency of VC015 was the same as drive frequency, but at this 
example, the oscillation frequency of VC015 of the frequency control circuit 3 is the chopping 
sea fvco twice the frequency of the drive frequency of a piezoelectric transformer 1 (2xf). 
Similarly it is the square wave fCLK of frequency 2xf It constitutes so that it may output. The 
square waves Vgl and Vg2 to which carrying out dividing to one half only carried out phase 
inversion of the frequency of 2xf(s) for this wave by the frequency divider 8 of a booster circuit 
4 are outputted, and it is a transistor Ql and Q2. It is made to switch by turns. 
[0061] The circuit diagram of VC015 by drawing 1 is shown in drawing 6 , and this actuation is 
explained in order. Control voltage Vin is the minimum electrical potential difference Vmin. In 
the case of H level with the output of a comparator 22 equal to the DC-power-supply electrical 
potential difference VDD which is a case, it is Rose to the inversed input terminal of ampUfier 
23. It leads and is a current II. Since it flows in, the electrical potential difference of an inversed 
input terminal rises. Since the reference voltage VrefZ of the abbreviation one half of the direct- 
current input voltage VDD is connected to the non-inversed input terminal of amplifier 23 and it 
becomes higher than the electrical potential difference of the inversed input terminal of amplifier 
23, the output of ampUfier 23 is a power source II. An electrical potential difference continues 
falling so that an equal current may flow in. Since amplifier 23 is stabilized with the current from 
which the potential difference of the inversed input terminal and non-inversed input terminal of 
amplifier 23 becomes zero, it is II =-I2. It becomes. Moreover, it is Q7 when a comparator 22 is 
H level. Since it is turned on, it is Q6. It is turned off and is Q6. It will be in the condition that 
collector current lin does not flow. 

[0062] Then, the output voltage of amplifier 23 is Cose. It leads and is constant current II =-I2. 
In order to pass, it will continue falling at a fixed rate in time. Moreover, it is R2 when the output 
of a comparator 22 is H level. One side is set to VDD and it is R2. While I will accept it, it 
coimects with the non-inversed input terminal of a comparator 22, and is Rl further. It becomes 
the form which leads and is connected to the output of amplifier 23. Then, it is an electrical 
potential difference between the output voltage of amplifier 23, and a power source Rl R2 Since 
the electrical potential difference pressured partially is impressed to the non-inversed input 
terminal of a comparator 22, according to the output voltage of amplifier 23 declining, the 
electrical potential difference of the non-inversed input terminal of a comparator 22 will also 
continue falling. 

[0063] Then, the output voltage of amplifier 23 is VL. It is Rl so that the electrical potential 
difference of the non-inversed input terminal of a comparator 22 may become [ the electrical 
potential difference of an inversed input terminal ] equal to reference voltage VrefZ, when set to 
[V]. R2 Since it has set up, the output voltage of a comparator 22 will be reversed on L level. 
Then, II The sense becomes reverse and the output of amplifier 23 is Cose about constant 
current-Il =12. Since it passes, the output voltage of ampUfier 23 will rise at a fixed rate in time 
conversely. 

[0064] It is R2 when the output of a comparator 22 is L level. One side becomes ground potential 
and it is R2. While I will accept it, it connects with the non-inversed input terminal of a 
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comparator 22, and is Rl further. It becomes the form which leads and is connected to the output 
of amplifier 23. Then, it is the output voltage and ground potential of amplifier 23 Rl R2 Since 
the electrical potential difference pressured partially is impressed to the non-inversed input 
terminal of a comparator 22, according to the output voltage of amplifier 23 rising, the electrical 
potential difference of the non-inversed input terminal of a comparator 22 will also continue 
rising. 

[0065] The output voltage of a comparator 22 is Q7 in the condition of L level. It tums off and is 
Q5 and Q6. The Cilento Miller circuit will be constituted and a current equal to the current lin 
which flows in firom a control voltage temiinal will be passed fi-om the inversed input terminal of 
ampUfier 23 to a gland. For this lin, Vin is Vmin. It is set up so that it may sometimes become 
zero, and it is Vin=Vmin. In a case, it is -II =12 to Cose. A current will flow. 
[0066] Then, it is Rl connected to the output of amplifier 23 since the output voltage of amplifier 
23 rose at a fixed rate in time when the output of a comparator 22 was L level. R2 The electrical 
potential difference of the non-inversed input terminal of the comparator 22 by which led and the 
partial pressure was carried out to the gland also rises. Then, the output voltage of amplifier 23 is 
VH. It is Rl so that the electrical potential difference of the non-inversed input terminal of a 
comparator 22 may become equal to the reference voltage Vref2 coimected with the inversed 
input terminal, when set to [V]. R2 It has set up and the output voltage of a comparator 22 will 
return to H level. 

[0067] From the output of ampUfier 23, it is a chopping sea fVCO as mentioned above. It is 
outputted and is a square wave fCLK fi-om the output of a comparator 22. It will be outputted. 
The voltage waveform which VC015 outputs to drawing 7 is shown, control voltage Vin ~ 
Vmin it is — a case — drawing 7 (a) — chopping sea fv^co an output voltage wave — becoming — 
drawing 7 (b) - square wave fCLK It becomes an output voltage wave. Drawing 7 (c) is a square 
wave fCLK in the frequency divider 8 of a booster circuit 4. It is the electrical-potential- 
difference wave form chart which dividing was carried out and was set to Vgl . In addition, a 
fi:'equency divider 8 is fCLK. The thing of the format reversed to the timing of a standup is 
assumed. On the other hand, when the output of a comparator 22 is L level, it is Q5 and Q6. In 
order to pass lin which is proportional to control voltage Vin fi-om the inversed input terminal of 
amplifier 23 in a gland by current Miller circuit, the output of amplifier 23 will pass the current 
of 12 =-Il+Iin. Then, it is 12 by control voltage Vin. Since it increases, it is Cose. The current to 
charge will increase and the rate that the output voltage of amplifier 23 rises to unit time amount 
becomes large. Then, it is the triangle fVCO as the time amoimt of a standup wave of a chopping 
sea becomes short and control voltage Vin becomes large. A period becomes short. It is fCLK 
simultaneously. It is the chopping sea fVCO of a fi-equency and square wave fCLK to which 
VC015 is proportional to input voltage Vin since the period also became short. It can output. 
[0068] control voltage Vin ~ high electrical potential difference Vmax inputting ~ a firequency — 
fVCO in the condition of having become high It is shown in drawing 7 (d). Furthermore, it is a 
square wave fCLK in a booster circuit 4 to fCLK and drawing 7 (f) in drawing 7 (e). The 
electrical-potential-difference wave form chart which carried out dividing and was set to Vgl is 
shown, respectively. If control voltage becomes high like drawing 7 (d), it is a chopping sea 
fVCO. It tums out that a standup wave becomes sudden and the frequency is high. 
[0069] Moreover, chopping sea fVCO of the twice as many firequency which VC015 generates 
in drawing 1 as this It is inputted also into the comparator 16 of the driver voltage control circuit 
5. A rectifier circuit 17 inputs the primary- voltage wave of a piezoelectric transformer 1, 
rectifies, and is the rectification electrical potential difference VC about this. It inputs into a 
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comparator 16, after changing. 

[0070] It is a chopping sea fvco, the rectification electrical potential difference VC, and Q3 to the 
timing chart of drawing 8 . Gate voUage Vg3 and Ql and Q2 It is Ql and Q2 to gate voltage Vgl 
and Vg2 and a pan. The drain electrical potential differences Vdl and Vd2 and the coil currents 
iLl and iL2 are shown. The graphs of drawing 8 (a) are two signals fVCO inputted into a 
comparator 16. VC It is shown, drawing 8 (b) shows the output signal of a comparator 16, and it 
is a transistor Q3. It becomes a gating waveform Vg3. Q3 It is Q3 when Vg3 is L level, since it 
consists of P channel transistors. It is tumed on and is Q3 at the time of H level. It is turned off 
[0071] When the direct-current input voltage VDD is the minimum electrical potential 
difference, it is the rectification electrical potential difference VC. Chopping sea fVCO It sets up 
so that it may become almost equal to the wave-like minimum electrical potential difference. If 
input voltage is raised in this condition, it is the rectification electrical potential difference VC. It 
goes up and is a chopping sea fVCO. It will enter in the amplitude. This condition is shown in 
drawing 8 (a). 

[0072] Chopping sea fVCO An electrical potential difference is the rectification electrical 
potential difference VC. tl -t2 of large time amount The output signal Vg3 of a comparator 16 is 
set to L level in between. Since the electrical potential difference of Vgl is H level in drawing 8 
(c) at this time, it is Ql . Since it is tumed on, it is a coil LI. A cmxent begins to flow. It is shown 
in drawing 9 (a) by making this into an equal circuit. Coil LI The flowing current is i(t) 
=VDDxt/Ll . It is expressed and becomes large in proportion to the direct-current input voltage 
VDD and time amount t. 

[0073] Next, fVCO A chopping sea is the rectification electrical potential difference VC. Time 
amount t2 -t4 which becomes small Since Vg3 is set to H level in between, it is Q3. It is tumed 
off and is LI. Although separated fi^om a power source, the current supplied fi-om a gland 
through diode 18 flows, and the current of iLl is t2 like drawing 8 (g). The current of an as 
continues flowing. The equal circuit at this time is shown in drawing 9 (b). Diode 18 is a coil LI. 
Current i (t) which operates as a circuit holding a current and is flowing in the coil LI is t2. In 
order to hold a value, it is a gland, diode, LI, and Ql. It will lead and will continue flowing. 
[0074] t4 -t5 In between, it is a chopping sea fVCO. An electrical potential difference is the 
rectification electrical potential difference VC. It becomes large and is Q3. Since it is tumed on, 
it is a coil LI . A current increases in proportion to time amoimt again, and is t5. It sets and 
becomes the cxirrent value of Ipeak. An equal circuit serves as drawing 9 (c) similarly. 
[0075] Next, t5 -t6 At time amoimt, it is Ql . Since it is tumed off, it will be in the condition of 
drawing 9 (d), and it is Ql. A drain electrical potential difference is a coil LI. It resonates with 
the input equivalent capacity Cdl of a piezoelectric transformer 1, and becomes the wave of the 
sinusoidal voltage Vdl of a half wave like drawing 8 (e). 

[0076] t6 -t7 **** — chopping sea fVCO an electrical potential difference — rectification 
electrical potential difference VC although Q3 is tumed off since it becomes small — drawing 9 
(e) — like — coil LI fi-om — the current emitted — diode 18 — letting it pass — flowing — Ql The 
peak voltage of a drain electrical potential difference will be about 3 times the direct-current 
input voltage VDD. 

[0077] t7 -t8 At time amount, it is Q3. Although tumed on again, it is a coil LL A current iLl is 
t8 by the equivalent resistance by the load connected to the piezoelectric transformer like 
drawing 8 (g). It becomes zero and is tl -t5. Actuation which emits the charged current energy is 
performed. 

[0078] Furthermore, when the direct-current input voltage VDD rises, it is the rectification 
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electrical potential difference VC. It increases, the off period of Vg3 increases, and it is a coil LI 
and L2. The period which charges a current becomes short. Then, if input voltage VDD changes 
with the above configurations, it is a chopping sea fVCO. Receiving rectification electrical 
potential difference VC It changes a lot and is Q3. When a duty ratio changes, the peak current 
charged by the coil is controlled uniformly and the driver voltage of a piezoelectric transformer 1 
is controlled by the predetermined value. 

[0079] As mentioned above, since the peak voltage of the driver voltages Vdl and Vd2 of a 
piezoelectric transformer 1 is not changed with the direct-current input voltage VDD, the 
frequency control circuit 3 of drawing 1 generates the drive frequency from which the alternating 
current 10 [mArms] (or output voltage VO [Vrms]) which flows for a load 2 becomes a 
predetermined value. About this control, it is the same as drawing 10 of the conventional 
technique. By work of the driver voltage control circuit 5, since the driver voltage of a 
piezoelectric transformer 1 is not changed with the direct-current input voltage VDD, the 
pressure-up ratio of a piezoelectric transformer 1 is fixed, and ends, and it will be in the 
condition of operating with fixed direct-current input voltage equivalent. 
[0080] Therefore, since the frequency control circuit 3 controls the pressure-up ratio of a 
piezoelectric transformer 1 so that the altemating current 10 [mArms] (or output voltage VO 
[Vrms]) which flows for a load 2 becomes a predetermined value, drive frequency will be 
uniformly controlled, even if the direct-current input voltage VDD changes. 
[0081] Moreover, the modulated light circuit 6 consists of the chopping sea oscillators 19 and 
comparators 20 which oscillate the frequency of a low period (for example, 210Hz) 
comparatively, and it is inputting a modulated light electrical potential difference from the 
exterior, and it is the circuit used like the back light which used the cold cathode tube for ttie load 
when modulated Ught is required, and it outputs [ compares the output wave of the chopping sea 
oscillator 19 by the comparator 20, and ] the pulse signal by which adjustable was carried out in 
duty, 

[0082] This signal is connected to the frequency-control circuit 3 and the driver voltage control 
circuit 5, and the period of H level is Q3. It serves to make the output voltage of an integrating 
circuit 13 hold so that the drive frequency of VC015 may not change at the same time it makes it 
turn off and stops the driver voltage of a piezoelectric transformer 1. 
[0083] other examples of this invention by second example drawing 2 — a coil LI and L2 
electromagnetism — a transformer Tl and T2 Except the replaced point, it is an inverter 
equivalent to drawing 1 . Ql and Q2 the generated voltage resonance wave ~ Vdl, Vd 2T1, and 
T2 the pressure-up ratio which is impressed by the piezoelectric transformer as electrical 
potential differences Vsl and Vs2 proportional to an N+1 time as many winding ratio as this, and 
ran short with the piezoelectric transformer 1 with the secondary coil — electromagnetism ~ a 
transformer Tl and T2 Since it is suppliable, there is the description which can be operated on a 
lower electrical potential difference, 

[0084] Next, as other examples by this invention, the case where a booster circuit 4 is constituted 
from a converter of the voltage resonance mold of 1 transistor mold is explained. Drawing 3 is 
the block diagram of the inverter by this example, and drawing 4 (a) and (b) are [ this gate 
voltage waveform drawing and drawing 4 (d) of the detailed circuit diagram of a booster circuit 4 
and drawing 4 (c) ] drain electrical-potential-difference wave form charts. Since it is equivalent 
to what is depended on the aforementioned invention about actuation of whole drawing 3 , 
actuation of a booster circuit 4 is explained. 

[0085] It is one coil LI like [ in this booster circuit 4 ] drawing 4 (a). It is used and is Ql. It 
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switches and is LI . It is what makes a voltage resonance wave from the input equivalent capacity 
of a piezoelectric transfomier 1, and drives a piezoelectric transformer by the sine wave of a half 
wave. Ql Driver voltage Vgl uses the pulse by which dividing was carried out to drive 
frequency in 2 phase actuation circuits 9. LI t6 [ in / by doubling the input capacitance of a 
piezoelectric transformer / drawing 4 (d) ] It is Ql at the timing from which the drain electrical 
potential difference Vgl tumed into a cello electrical potential difference to time amoimt. It is 
made to tum on and is a coil LI . The current inputted is equally controlled with having 
mentioned above by the driver vohage control circuit 5. Then, it is LI also in extensive input 
voltage range. Since the current peak charged is controlled by the predetermined value, there is 
no fluctuation of effectiveness like the circuit of drawing 1 and drawing 2 , and it can operate. 
[0086] the same - drawing 4 (b) -- electromagnetism -- transformer Tl It is used, pressure up of 
Vdl is carried out to one times the electrical potential difference of winding ratio N, the 
piezoelectric transformer 1 is driven, and the pressure-up ratio of a piezoelectric transformer 1 
can be compensated, this performs null voltage switching (ZVS) like drawing 4 (a) - as - 
electromagnetism transformer Tl Primary and a secondary inductance are set up. Although 
effectiveness falls a little with the gestalt of operation of this drawings and drawing 4 since a 
piezoelectric transformer 1 is driven by the sine wave of the half wave containing harmonic 
content, there is the description which can reduce a circuit element. 

[0087] Although the gestalt of operation by the above this invention explained as an inverter 
which impresses flie secondary output of a piezoelectric transformer 1 to a load with an 
ahemating current, when making it operate as a DC to DC converter, even if it puts in a rectifier 
circuit between the secondary electrodes and loads 2 of a piezoelectric transformer 1, circuit 
actuation's not changing is clear. Moreover, if alternating voltage VO [Vrms] is inputted into a 
rectifier circuit 1 1 , you can make it operate as an inverter of a constant-voltage output, in 
controlling the alternating vohage VO [Vrms] outputted to a load to constant value. 
[0088] each example of aforementioned drawing 1 , drawing 2 , and drawing 3 ~ drawing 5 (a) ~ 
like - diode 18 - using - transistor Q3 the case where it tums off - a coil LI and L2 
electromagnetism - a transformer Tl and T2 Although the example constituted so that the 
flowing current might be made to hold explained It is Q3 like drawing 5 (b). Transistor Q4 
grounded to a gland when tumed off You may make it the configuration which uses and holds a 
coil current. In this case, Q3 A penetration current flows and twists in between, the penetration 
current prevention circuit 24 is used like, and it is Q3. Q4 after turning off thoroughly It is made 
to tum on and is Q3 and Q4. It is necessary to control so that a transistor is not tumed on 
simultaneously. 

[0089] . ^ 

[Effect of the Invention] Since the alternating voltage which drives a piezoelectnc transformer 1 
is controlled by the predetermined electrical potential difference according to the piezoelectric 
transformer actuation circuit of the extensive input voltage range by this invention even if the 
direct-current input voltage VDD changes with driver voltage control circuits 5 as explained 
above The drive frequency of a piezoelectric transformer 1 is resonance frequency fr. Since it did 
not change from the neighborhood, it is effective in satisfying the conditions of zero bolt 
switching (ZVS) and being able to drive a piezoelectric transformer 1 on the frequency of always 
high effectiveness, and has checked that input voltage range could operate to stability by 4 or 
more times. 

[0090] Moreover, a coil LI and L2 Even if the direct-current input voUage VDD tums mto the 
greatest electrical potential difference or electromagnetism - a transformer Tl and T2 From the 
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direct-current input voltage VDD being controlled by the same current value as the case where it 
is the minimxim electrical potential difference, the peak value of the current which flows to an 
upstream coil since the current value which starts magnetic saturation can be set up according to 
the minimum input voltage value ~ a small coil and electromagnetism - it is possible to use a 
transformer and it is effective in the actuation circuit suitable for the thinness of a piezoelectric 
transformer or a miniaturization being realizable. 

[0091] Even if the direct-current input voUage VDD moreover changes with driver voltage 
control circuits 5, it is Ql and Q2. Since the peak value of a drain electrical potential difference 
is controlled uniformly and pressure-proofing of a transistor can be lowered, there are 
improvement in efficiency by reduction of on resistance and effectiveness whose cost reduction 
is possible. 

[0092] It is effective in the abiUty to drive a piezoelectric transformer 1 in extensive input 
voltage range also in the still simpler circuit in the actuation circuit by the booster circuit 5 of 
drawing 3 by this invention, and 1 transistor mold of drawing 4 . 

[0093] Moreover, since diode 18 can protect release of an inductance when performing burst 
modulated Ught as an inverter for back Ughts, it is Ql and Q2. A drain electrical potential 
difference does not turn into high voltage, but the component for high voltage protection (for 
example, zener diode) becomes unnecessary, and it is effective in the ability to perform cost 
reduction. 



CLAIMS 



[Claim(s)] 

[Claim 1] The piezoelectric transformer which outputs the alternating voltage inputted from the 
upstream to secondary using the piezo-electric effect, The first coil and first transistor which 
were connected to one electrode of the upstream electrode of said piezoelectric transformer. The 
second coil and second transistor which connected one side to the upstream electrode of another 
side of said piezoelectric transformer. The pressxire-up means which consisted of fi-equency 
dividers which drive the second transistor by turns for a start [ these ], The third transistor and 
current maintenance means which were connected to the power source on another side of said 
first and the second coil are connected, respectively. By turning on said third transistor and 
tuming off a duty ratio within the ON time amount of said first or the second transistor, by the 
signal which carried out adjustable So that the drive frequency of the driver voltage control 
means which controls the driver voltage of said piezoelectric transformer on a predetermined 
electrical potential difference, and the said first and the second transistor may be changed and the 
predetermined output current or output voltage may be obtained firom the secondary electrode of 
said piezoelectric transformer The piezoelectric transformer actuation circuit characterized by 
consisting of firequency control means to control the pressure-up ratio of said piezoelectric 
transformer. 

[Claim 2] The piezoelectric transformer actuation circuit according to claim 1 characterized by 
constituting said current maintenance means by diode. 

[Claim 3] The piezoelectric transformer actuation circuit according to claim 1 characterized by 
for said current maintenance means being constituted by the transistor and switching to said the 
third transistor and exclusion target. 

[Claim 4] The piezoelectric transformer actuation circuit according to claim 1 characterized by 
carrying out adjustable [ of the actual value of the alternating current suppUed to the load which 
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was made to stop the input voltage of said piezoelectric transformer, and was connected to said 
piezoelectric transformer by turning off the third transistor in time sharing, or alternating voltage 

]. 

[Claim 5] The piezoelectric transformer which outputs the alternating voltage inputted from the 
upstream to secondary using the piezo-electric effect. The first autotransformer which connected 
the secondary terminal to one electrode of the upstream electrode of said piezoelectric 
transformer, and connected the medium terminal to the first transistor. The second 
autotransformer which connected the secondary terminal to the upstream electrode of another 
side of said piezoelectric transformer, and coimected the mediimi terminal to the second 
transistor, The pressure-up means which consisted of firequency dividers which drive the second 
transistor by turns for a start [ these ], The third transistor and current maintenance means which 
were connected to the power source are connected to the upstream terminal of said first and the 
second autotransformer, respectively. The driver voltage control means which controls the driver 
voltage of said piezoelectric transformer on a predetermined electrical potential difference by 
tuming on said third transistor and turning off a duty ratio within the ON time amount of said 
first or the second transistor by the signal which carried out adjustable. The piezoelectric 
transformer actuation circuit characterized by consisting of firequency control means to control 
the pressure-up ratio of said piezoelectric transformer so that the drive firequency of said first and 
the second transistor may be changed and the predetermined output current or output voltage 
may be obtained fi-om the secondary electrode of said piezoelectric transformer. 
[Claim 6] The piezoelectric transformer actuation circuit according to claim 5 characterized by 
constituting said current maintenance means by diode. 

[Claim 7] The piezoelectric transformer actuation circuit according to claim 5 characterized by 
for said current maintenance means being constituted by the transistor and switching to said the 
third transistor and exclusion target. 

[Claim 8] The piezoelectric transformer actuation circuit according to claim 5 characterized by 
carrying out adjustable [ of the actual value of the altemating current supplied to the load which 
was made to stop the input voltage of said piezoelectric transformer, and was connected to said 
piezoelectric transformer by tuming off the third transistor in time sharing, or altemating voltage 

[Claim 9] The piezoelectric transformer which outputs the altemating voltage inputted from the 
upstream to secondary using the piezo-electric effect, A pressure-up means with the coil which 
turns on the first transistor within 1 actuation period of said piezoelectric transformer, inputs 
current energy from a power source, tums off said first transistor, and is outputted to said 
piezoelectric transformer upstream as electrical-potential-difference energy, Within the time 
amount which said first transistor which has the cvirrent maintenance means and the second 
transistor which were connected to another side of said coil, and was connected to one side of 
said coil into 1 actuation period of said piezoelectric transformer tums on The driver voltage 
control means which the duty ratio to which a current maintenance means to hold the current 
which tums on and tums off said second transistor and flows in said coil operates is changed, and 
controls the driver voltage of said piezoelectric transformer on a predetermined electrical 
potential difference, The piezoelectric transformer actuation circuit characterized by including a 
frequency control means to control the pressure-up ratio of said piezoelectric transformer so that 
the drive frequency of said pressure-up means may be changed and the predetermined output 
current or output voltage may be obtained from the secondary electrode of said piezoelectric 
transformer. 
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[Claim 10] The piezoelectric transformer actuation circuit according to claim 9 characterized by 
impressing the electrical potential difference which carried out pressure up from said coil to said 
piezoelectric transformer with the secondary coil magnetically combined with said coil. 
[Claim 1 1] The piezoelectric transformer actuation circuit according to claim 9 or 10 
characterized by constituting said current maintenance means by diode. 
[Claim 12] The piezoelectric transformer actuation circuit according to claim 9 or 10 
characterized by for said current maintenance means being constituted by the third transistor, and 
switching to said the second transistor and exclusion target. 

[Claim 13] The piezoelectric transformer actuation circuit according to claim 9 or 10 
characterized by carrying out adjustable [ of the altemating voltage supplied to the load which 
was made to stop the input voltage of said piezoelectric transformer, and was connected to the 
piezoelectric transformer by turning off said second transistor in time sharing, or the actual value 
of altemating current ]. 
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